In this report, the words "right" and "left" refer to directions that would be reported by an observer facing downstream.
Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
In the appendices, the above abbreviations may be combined. For example, USLB would represent upstream left bank.
INTRODUCTION AND SUMMARY OF RESULTS
This report provides the results of a detailed Level II analysis of scour potential at structure CLARTH00010014 on town highway 1 crossing the Cold River, Clarendon, Vermont (figures 1-8). A Level II study is a basic engineering analysis of the site, including a quantitative analysis of stream stability and scour (U.S. Department of Transportation, 1993) . A Level I study is included in Appendix E of this report. A Level I study provides a qualitative geomorphic characterization of the study site. Information on the bridge available from VTAOT files was compiled prior to conducting Level I and Level II analyses and can be found in Appendix D.
The site is in the Taconic Section of the New England physiographic province in westcentral Vermont in the town of Clarendon. The 36.2-mi 2 drainage area is in a predominantly rural basin. In the vicinity of the study site, the surface cover is primarily pasture, except for the right bank upstream which is forested.
In the study area, the Cold River has a sinuous channel with a slope of approximately 0.02 ft/ft, an average channel top width of 104 ft and an average channel depth of 3 ft. The predominant channel bed material is cobble with a median grain size (D 50 ) of 103 mm (0.339 ft). The geomorphic assessment at the time of the Level I and Level II site visit on April 27, 1995, indicated that the reach was laterally unstable. This assessment was due to the cut-banks and the local anabranching occurring upstream of the bridge.
The town highway 1 crossing of the Cold River is a 80-ft-long, two-lane bridge consisting of one 77-foot span (Vermont Agency of Transportation, written communication, March 13, 1995) . The bridge is supported by vertical, concrete abutments with wingwalls. The left abutment and upstream wingwalls are protected by type-2 stone fill (less than 36 inches diameter). The channel is skewed approximately 10 degrees to the opening while the opening-skew-to-roadway is 15 degrees. Additional details describing conditions at the site are included in the Level II Summary and Appendices D and E.
Scour depths and rock rip-rap sizes were computed using the general guidelines described in Hydraulic Engineering Circular 18 (Richardson and others, 1993) . Total scour at a highway crossing is comprised of three components: 1) long-term streambed degradation; 2) contraction scour (due to accelerated flow caused by a reduction in flow area at a bridge) and; 3) local scour (caused by accelerated flow around piers and abutments). Total scour is the sum of the three components. Equations are available to compute depths for contraction and local scour and a summary of the results of these computations follows.
Contraction scour for modelled flows ranged from 0.0 to 0.6 ft. Abutment scour ranged from 17.4 to 23.3 ft. The worst-case contraction and abutment scour occurred at the 500-year discharge. Additional information on scour depths and depths to armoring are included in the section titled "Scour Results". Scoured-streambed elevations, based on the calculated scour depths, are presented in tables 1 and 2. A cross-section of the scour computed at the bridge is presented in figure 8 . Scour depths were calculated assuming an infinite depth of erosive material and a homogeneous particle-size distribution.
It is generally accepted that the Froehlich equation (abutment scour) gives "excessively conservative estimates of scour depths" (Richardson and others, 1993, p. 48) . Usually, computed scour depths are evaluated in combination with other information including (but not limited to) historical performance during flood events, the geomorphic stability assessment, existing scour protection measures, and the results of the hydraulic analyses. Therefore, scour depths adopted by VTAOT may differ from the computed values documented herein. (April 27, 1995 On 04/27/95 anabranching was noted in the immediate approach. 
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Data and Assumptions Used in WSPRO Model
Hydraulic analyses of the reach were done by use of the Federal Highway Administration's WSPRO step-backwater computer program (Shearman and others, 1986, and Shearman, 1990) . The analysis reported herein reflects conditions existing at the site at the time of the study. Furthermore, in the development of the model it was necessary to assume no accumulation of debris or ice at the site. A railroad bridge about 800 feet downstream of the site was included in the model. It was determined that backwater from the railroad bridge did not affect the hydraulics of the study bridge. Results of the hydraulic model are presented in the Bridge Hydraulic Summary, Appendix B, and figure 7.
Channel roughness factors (Manning's "n") used in the hydraulic model were estimated using field inspections at each cross section following the general guidelines described by Arcement, Jr. and Schneider (1989) . Final adjustments to the values were made during the modelling of the reach.
Channel "n" values for the reach ranged from 0.050 to 0.060, and overbank "n" values ranged from 0.045 to 0.060.
Normal depth at the exit section of the railroad bridge (RREX) was assumed as the starting water surface. This depth was computed by use of the slope-conveyance method outlined in the User's manual for WSPRO (Shearman, 1990) . The slope used was 0.014 ft/ft which was estimated from the topographic map (U.S. Geological Survey, 1966).
For the 500-year discharge, WSPRO assumes critical depth at sections XS3 and EXITX in subcritical model runs. Further analysis showed that localized supercritical flow could occur between the two bridges. However, because the flow regime was not stable in this reach the default to critical was allowed.
Other assumptions also had to be made. Due to the topography of the reach, flow that overtops the roadway does not actually return to the modelled exit section. However, it is necessary to assume that the flow does return to the exit when modelling with WSPRO. In addition, once the left approach overbank is overtopped, the gradient of the overbank would carry flow away from the main channel.
To compensate for this, a vertical wall was assumed at the left end of the approach section. Since, all the roadway overflow occurs left of the structure, this wall was placed so that the conveyance weighted left overbank flow was roughly equal to the roadway overflow. None of these assumptions were necessary in the incipient overbank model, thus it is likely the most reliable of the three models. 
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Scour depths were computed using the general guidelines described in Hydraulic Engineering Circular 18 (Richardson and others, 1993) . Scour depths were calculated assuming an infinite depth of erosive material and a homogeneous particle-size distribution.
The results of the scour analysis are presented in tables 1 and 2 and a graph of the scour depths is presented in figure 8 . 19.7 21.8 18.5 Figure 7. Water-surface profiles for the 100-and 500-yr discharges at structure CLARTH00010014 on town highway 1, crossing Cold River, Clarendon, Vermont. 0. ****** ****** ****** ***** ***** ***** ***** ***** **** RG **************** 485.44 492.06********************************* 0. ****** ****** ****** ***** ***** ***** ***** ***** **** 
